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Description 



Method For Separating Shift and Scan 
Paths On Scan-Only, Single Port LSSD 
Latches 

Background of Invention 
[0001] Technical Field 

[0002] The present invention relates generally to semiconductor 
devices and in particular to routing signals through seri- 
ally connected circuits of semiconductor devices. Still 
more particularly the present invention relates to a 
method and circuit design for enabling both shift path 
and scan path functionality with a single port LSSD latch 
designed for scan path functionality only. 

[0003] Description of the Related Art 

[0004] Operation of semiconductor devices entails the passing of 
one or more input signals through a series of circuit com- 
ponents that are interconnected in a particular design 
configuration to generate a response (or output signal) 



within the device. The path through which the input signal 
propagates is determined by the type of connectivity 
among the various logic components within the device, 
and the value of the signal, as well as the accompanying 
clock signal. 

[0005] jo ensure proper operation of the semiconductor device, 
current design and fabrication procedures involves some 
amounts of post-fabrication testing on all or specific por- 
tions of the device to ensure that the components are 
functioning as desired and yield the correct (or expected) 
outputs at each stage of the device. For example, semi- 
conductors and other similar devices manufactured with a 
large number of fuse elements are usually tested post- 
fabrication. Testing of the device may involve selectively 
blowing fuses within the device by passing an electrical 
current through the fuse link, depending on the design of 
the fuse/device. The fuses that are blown are selected via 
one or more programming methods, which are generally 
known to those skilled in the art. 

[0006] The path utilized for post-fabrication testing is often 
times different from that utilized during normal signal 
propagation. In semi-conductor terminology, the normal 
routing path is referred to as the shift path (from the 



"shifting" of a propagating "l"or "0"signal in a serial man- 
ner from one component to another through the device), 
while the test path is referred to as the scan path. 
[0007] Present designs provide a separate scan path along with 

the shift path for completing the testing of the device. The 
scan paths are utilized to verify the function of the logic 
and for any scan preconditioning of the latches done at 
test. The shift path is utilized for functional operation 
during fuse blow and fuse readout from the fuse sense 
latches. 

[0008] Figure 1 illustrates a prior art schematic of a portion of 

the input circuit for a device 100 comprising two levels of 
serially connected latches. For simplicity of description, 
the upper level (or register) latch and lower level latch are 
referred to herein as a latch pair. Also, the first pair of 
latches, are referred to as the input latches and the sec- 
ond (and subsequent) pair of latches, labeled "Repeatable 
Scan Latch," are referred to as internal device latches. 
Only two pairs of sequential latch pairs are illustrated; 
However, a complete device may comprise a much larger 
number of sequentially connected latch pairs similar to 
the second pair of latches. 

[0009] as labeled in Figure 1, the first pair of latches 102A, 102B 



are full LSSD latches and have dual input ports for both 
shift and scan chain operations. The second pair of 
latches, 112A, 112B, however, are scan only latches and 
thus accommodate only one (scan) path at a time. The two 
chains of latches (fuse latches 103 and pattern latches 
113) are connected in serial fashion, with each latch re- 
ceiving it's shift input from the previous latch and sending 
it's shift output to the next latch in the chain. 

[00 1 0] On the standard full LSSD latch 102A, 102B, two clock 
ports and two data input ports are provided. One port is 
used for functional operation (serial shifting in this case) 
and the other is used for scan operations, a test require- 
ment. Each serial register of latches (LSSD scan latches) 
comprises a dual-phase latch. The first phase in an LSSD 
scan latch is called the LI and is loaded with clock signal 
ACLK 114. The second phase in the LSSD scan latch is 
called the L2 and is loaded with signal BCLK 118. 

[0011] Each latch is configured with an LI and an L2. Both ports 
load the LI of the latch. Only one port may be utilized at a 
time. The input signals include SCANINO 104, SHIFTIN 
106, SCANIN1 108, and SHIFT 120. Clock signals include 
CCLK signal 116, ACLK signal 114, and BCLK signal 118. A 
set of logic gates, AND gate 103 and OR gate 105 are 



provided to select when the shift input 120 would be al- 
lowed to load the LI during operation. 

[0012] According to Figure 1, both the upper level and lower level 
latches are full LSSD (level sensitive scan design) dual port 
latches designed to enable separate scan and shift paths 
as illustrated. A first scan pattern, SCANINO, is loaded into 
the upper latch, while a second scan pattern, SCANIN1, is 
loaded into the lower latch. From the perspective of a scan 
path, particular types of latches are provided to enable a 
scan chain evaluation for the device. The upper latch re- 
ceives a SHIFTIN signal, which triggers the beginning of a 
shift path. Three clock inputs are also provided to transi- 
tion the scan and/or shift signal along the device. Each 
path includes separate clocking domain. The shift/scan 
path are separated by providing separate shift clock 
(CCLK) and scan clock (ACLK) signal. 

[0013] with designs where the functional path matches the scan 
path, it is possible to use a single data port latch along 
with OR logic and OR the shift clock (CCLK) and scan clock 
(ACLK) signals together. However, it may also be required 
that a long shift path be separated into multiple scan 
paths. At locations where splitting of the paths is desired, 
typically a full LSSD latch would be inserted between scan 



only LSSD latch pairs to provide separate shift and scan 
ports to the LI. 

[0014] Particular types of devices, such as electrical fuse (eFuse) 
devices, for example, are typically designed with separate 
scan and shift paths, from the perspective of the latch cir- 
cuitry. In eFuse circuit terminology, the upper level latch 
102A is referred to as the fuse sense latch (or fuse latch) 
and is utilized to read the state of the fuse. Upper level 
latch is also utilized during the fusing process to enable/ 
disable the blowing of the associated fuse. The lower level 
latch is referred to as the pattern latch and is utilized to 
store the redundancy solution calculated for the device. 
The upper (fuse) latches 103 and lower (pattern) latches 
113 are serially connected and may be wired into addi- 
tional circuitry (e.g., fuse and transistor) in the device. 

[0015] According to the current art, and as illustrated by Figure 
1, the shift and scan paths were normally split with the 
addition of a full LSSD latch where the paths had to be 
split. This addition of a full LSSD latch at each split is dif- 
ficult to manage in a hierarchical design where the first 
latch has to be nested completely differently from subse- 
quent latches. 

[0016] | n a nex t implementation, the shift and scan paths are 



combined on a scan-only latch by logically ORing the shift 
clock (CCLK) and scan clock (ACLK) to the latches. This 
can be done wherever the scan path and functional path 
share the same serial path through the latches. Removal 
of the above mentioned requirement was critical for the 
eFuse design since the electrical design of all the fuse 
sense latches needed to be the same with the same layout 
for matching purposes. It was also difficult to do the 
physical design on a tight pitch with a different latch up 
front. 

[0017] one primary concern with current designs is the addi- 
tional area overhead required because of the need to pro- 
vide OR gates and other logic within the device for each 
scan path when a single port latch configuration is uti- 
lized. With the dual port LSSD latch configuration, the 
concern involves additional cost as well as real estate in 
providing the larger dual port LSSD latches rather than the 
single port LSSD latches. The current method of providing 
both scan path and shift path operations for a device also 
presents problems with embedding particular types of cir- 
cuitry within an ASIC design. LSSD methodology issues 
have to be solved to allow for all fuse latches to exist on a 
single shift register but be broken into multiple scan 



chains or scan paths. This requires "splitting" the scan 
and shift paths where required to facilitate ASIC design 
and test methodology. Using scan only latches and full 
LSSD latches in the fuse latch chain creates a problem be- 
cause the electrical characteristic of the internal sense 
node for fuse are not the same in the two different latch 
designs, and still requires additional real estate within/on 
the device. 

[0018] The present invention recognizes the above inefficiencies 
that exist in the current design and testing of devices that 
require both scan path and shift path operations. The in- 
vention further recognizes that a method and device that 
enables efficient combination of scan path and shift path 
functionality in a single port latch without incurring addi- 
tional internal overhead costs would be a welcomed im- 
provement. Also desirable is a method and device that en- 
ables reduced area overhead along within the device's in- 
ternal circuitry. These and other benefits are provided by 
the invention described below. 
Summary of Invention 

[0019] Disclosed is a method and circuit design for enabling both 
shift path and scan path functionality with a single port 
LSSD latch designed for shift path functionality only, with- 



out increasing the device's internal real estate and without 
substantial increase in overall device real estate. The cir- 
cuit design eliminates the need for additional logic com- 
ponents to be built into the internal circuitry of the device 
and also eliminates the cost of providing dual port LSSD 
latches within the device. Implementation of the invention 
involves providing a unique configuration of low level 
logic components as input circuitry that is coupled to a 
pair of single port LSSD latches that operate as the input 
latches for the device. The low level logic components ac- 
complish the splitting of scan chain inputs and shift chain 
inputs to the input latches and thus enables the single 
ported LSSD latches to operate with similar functionality 
as dual ported LSSD latches. 
[0020] The device is designed with a standard set of serially con- 
nected single-input scan-only latches (and other func- 
tional circuitry). The input circuitry comprises a set of 
NAND gates, OR gates, and non-inverting buffers that are 
interconnected according to the design configuration of 
the invention. Outputs of several of the input circuitry 
along with several clock inputs serve as the inputs for the 
single port LSSD latches. The net effect of the input cir- 
cuitry is that received scan and shift inputs along with 



clock signal inputs are filtered to provide shift input or 
scan input to the latch so that the latch may be utilized 
for both scan chain functionality and shift chain function- 
ality. The specific inter-connection of gates with the clock 
inputs enable the separation of scan chain features and 
shift chain features as inputs to the input latches. With 
this separation of inputs, the single-input scan only latch 
is able to provide the functionality required for both scan 
chain operation and shift chain operation. 

[0021] | n one embodiment, an eFuse device is designed with a 
traditional scan-only (single clock/data port) LSSD latch, 
which is coupled to input logic components to enable 
similar functionality as a full LSSD latch (dual clock/data 
port) with the addition of some circuitry to the inputs of 
the first latch of the device. The additional circuitry is thus 
external to the internal sense node of the latches and 
there are no additional logic required within the paths. 
The LSSD scan chain is then enabled in addition to the 
functional shift register along the same path. 

[0022] The above as well as additional objectives, features, and 
advantages of the present invention will become apparent 
in the following detailed written description. 
Brief Description of Drawings 



[0023] The novel features believed characteristic of the invention 
are set forth in the appended claims. The invention itself 
however, as well as a preferred mode of use, further ob- 
jects and advantages thereof, will best be understood by 
reference to the following detailed description of an illus- 
trative embodiment when read in conjunction with the ac- 
companying drawings, wherein: 

[0024] Figure 1 is a schematic diagram of a prior art fuse latch 
circuit configuration with dual port full LSSD latches and 
additional logic for providing separate scan and shift 
paths; 

[0025] Figure 2 is a schematic diagram of input circuitry of a de- 
vice having a single port LSSD latch that enables both a 
shift path and scan path via the single port LSSD latch 
without incurring significant area overhead within the de- 
vice in accordance with one embodiment of the present 
invention; 

[0026] Figure 3 is a schematic diagram of an electrical fuse 

(eFuse) device designed with the input circuitry of Figure 2 
to enable separation of shift chain and scan chain opera- 
tion via a single port LSSD latch in accordance with one 
implementation of the present invention; and 

[0027] Figure 4 is a basic flow diagram illustrating the process by 



which particular input signals are separated for scan path 
propagation versus shift path propagation in the device of 
Figure 2 according to one implementation of the inven- 
tion. 

Detailed Description 

[0028] The present invention provides a novel method and de- 
sign that enables the utilization of a single port LSSD latch 
to efficiently provide both a shift path and a scan path and 
associated features with reduced area overhead for the 
device's internal area. The invention provides a novel cir- 
cuit design to overcome the problems of: (1) requiring 
larger device area for supporting a multiple, separate 
latches for shift path and scan path within a single device; 
or (2) requiring additional logic (OR) within the paths of 
the device to enable scan chain functionality. 

[0029] More specifically, the invention allows a scan-only latch 
operating as single clock/data port to be utilized as a full 
LSSD latch (i.e., one with dual clock/data port) with the 
addition of circuit elements to the inputs of the initial sin- 
gle-ported, scan only LSSD latch. Thus, the only addition 
to the device real estate is with external logic utilized to 
separate the scan path from the shift path with scan only 
latches. 



[0030] The external logic are low-level inexpensive and relatively 
area-efficient components. Also, the input circuit ele- 
ments are external to the internal sense node of the latch, 
and the device does not require additional internal real 
estate. Additionally, because the circuit elements allow 
both shift path and scan path features and are external to 
the serially connected latches, significant savings in real 
estate are recognized. For example, the OR logic and 
other additional logic required per circuit to complete the 
two different operations within each circuit are no longer 
required. 

[0031] The invention is described with primary reference to the 
circuit schematic of Figure 2; However, those skilled in the 
art appreciate that the features of the invention may be 
extended to other circuit configurations that are designed 
to utilize both scan chain and shift chain path methodol- 
ogy. The primary visible difference in the device configu- 
ration with that of Figure 1 is with the input circuitry and 
the type of latch being utilized. Specifically, the dual input 
latch has been replaced with a single input latch and the 
input circuitry has been extended to enable separation of 
scan chain and shift chain inputs without requiring sepa- 
rate latches or dual input latches. During scan chain oper- 



ation the smaller scan only latches are utilized at each 
stage of the device rather than the larger dual port LSSD 
latches or separate latches as utilized in previous designs. 
Also the alternate operation in which additional OR and 
other logic are provided at each stage of the device's in- 
ternal circuitry to accommodate the dual path (specifically 
scan chain) operations is eliminated. 

[0032] Referring now to Figure 2, there is illustrated a schematic 
circuit diagram of a semiconductor device designed ac- 
cording to the methods of the present invention. Specifi- 
cally, Figure 2 shows the new configuration for a latch 
controlled device that requires separation of scan and 
shift paths within the device operations using a single 
port latch. Thus, Figure 2 illustrates a modification of the 
semiconductor device that enables a single input LSSD 
latch to be utilized to provide the functionality of a dual 
input LSSD latch supporting both shift path and scan path 
operation according to one embodiment. This configura- 
tion of input circuitry solves the problem of breaking the 
single shift path into multiple scan paths without requir- 
ing significant additional logic within the device itself. 

[0033] Device 200 comprises two levels of input LSSD latches, 
upper level latch 202A and lower level latch 202B as well 



as repeatable internal latches 112A and 112B (see box la- 
beled "Repeatable scan latch"). At each level, the latches 
are serially connected and receive inputs from a previous 
latch in the sequence of latches. Each latch-control circuit 
110, 111 comprises a scan-only LSSD latch 112A, 112B. 
[0034] According to the illustrated embodiment, logic devices are 
added to fuse latch inputs where a new scan path is re- 
quired in order to keep all fuse latches identical. Logic de- 
vices include an AND gate 203, several 2-input NAND 
gates 205, 207, 209, 213, 215, 217 and non-inverting 
buffers 211, 219. For both the upper and lower levels of 
input latch 202A, 202B, two NAND gates (e.g., 205, 207) 
receive shift and scan inputs and clock signal inputs and 
yield respective outputs that are coupled to the inputs of a 
third NAND gate 209. The output of the third NAND gate 
209 is passed through a non-inverting buffer 211 and 
then on to input latch 202A. Non-inverting buffer 211 is 
utilized to delay the gating of the data when the ACLK or 
CCLK clock that is "on" shuts off. This ensures that the 
clock at the latch 202A is off before the data is removed 
(i.e., providing a data hold time). The connection of the 
various devices in the configuration shown provides a 
MUX-like function where the clock that loads the data into 



the latch also gates the data. 

[0035] with continuing reference to Figure 2, when the clock sig- 
nal ACLK 114 is high, the scan input (SCANINO) is passed 
to the latch scan input port (I). If the clock signal CCLK 
116 is high, the shift input (SHIFTIN) is passed to the latch 
input. The clock input of the input latch is provided by 
ORing of the CCLK signal 116 and the ACLK signal 114 by 
OR logic 105. CCLK signal 116 is also gated by an addi- 
tional input on AND gate 203, referred to as SHIFT 120. 
SHIFT 120 is asserted when a shifting operation in the 
fuse latches is required. 

[0036] The pattern latches 202B also utilize an identical method 
to break the pattern shift chain into multiple scan chains. 
Non-inverting buffer 219 is utilized to delay the gating of 
the data when the ACLK or CCLK clock that is "on" shuts 
off. This ensures that the clock at the latch 202B is off be- 
fore the data is removed (i.e., providing a data hold time). 
Careful circuit analysis and tuning is required to ensure 
that the latch hold time requirement is met. The clocks 
are thus utilized as MUX selects since the ACLK and CCLK 
are not "on" at the same time. The timing of the circuits 
makes sure the clock that is on shuts off before the data 
is forced to "0"(i.e., the door to the latch 202B is closed 



before the ACLK clock goes to 0.) 
[0037] one device within which the features of the invention may 
advantageously be applied is within an eFuse device with 
multiple serially connected latch controlled eFuse circuits, 
which may be designed according to the novel design de- 
scribed in co-pending U.S. patent application, serial num- 
ber (Attorney Docket Number BUR920020093US1), titled 
"METHOD FOR REDUCED ELECTRICAL FUSING TIME" and 
filed on June XX, 2003. Figure 3 illustrates a sample eFuse 
circuit designed according to that application with the in- 
put latch configuration similar to that of the current in- 
vention. As described within that related application, 
eFuse circuit 320 comprises fuse sense latch or fuse latch 
(FLO) 303, utilized to read the state of the fuse and during 
the fusing process to enable the fuse that is currently be- 
ing blown. Also, each eFuse circuit 320 comprises pattern 
latch (PLO) 313, utilized to store the fuse solution previ- 
ously calculated and programmed for the device. In addi- 
tion to the scan only latches, each eFuse circuit 320 com- 
prises an eFuse 306, which may be blown when current 
signals are provided to a source and gate of transistor 
307. Input circuitry of eFuse circuit 320 is configured 
somewhat similarly to that of Figure 2, except that the 



various inputs lead to a primary (or first) fuse circuit and 
these somewhat different inputs control and program the 
eFuse circuit to enable the functionality for which the cir- 
cuit is designed. 
[0038] Figure 4 provides a logic flow diagram of the processing 
of a scan chain and/or shift input signal by the semicon- 
ductor device of Figure 2. The process begins at block 
401 and proceeds to block 403 with the device receiving 
input data signals (i.e., signals at the NAND gates) along 
with a clock signal. If, as determined at block 405, the 
clock signal received is the clock A signal (ACLK) signal 
(which indicates that a scan path is being started) then the 
scan chain input is forwarded to the input latch (LI) as 
shown at block 407 and a scan chain operation is initiated 
as shown at block 409. The latches of the device then 
transmit the scan chain input through the device as shown 
at block 411. 

[0039] Returning to decision block 405, when the ACLK input 

clock signal is not being asserted, the C clock (CCLK) sig- 
nal is received at the device's input as shown at block 
415. The shift chain input is then accepted at the input 
latch (LI) as indicated at block 417. In the illustrative em- 
bodiment, the CCLK signal must be high in order for a 



shift path operation to proceed. When the clock C signal is 
high and the shift chain input is forwarded to the input 
latch, a shift chain operation is initiated as indicated at 
block 419. The latch then transmits the shift chain input 
through the device as shown at block 421. 

[0040] it should be understood that the actual logic evaluations 
completed by the input circuitry occur by NANDing and 
ORing particular inputs that are likely represented as a 1 
or 0. A high clock signal thus represents a clock signal 
with a value of 1 rather than 0 and the receipt of an input 
signal may be a receipt of a high (or 1) value on the input 
lines running into the input logic component. 

[0041] Those skilled in the art will appreciate that this method of 
breaking the LSSD scan chain from the functional shift 
register path will be very useful inside many hard designs. 
One example of the utility is within compilable arrays with 
shared scan/shift path latches where the layout of the 
latch is in a compilable kernel, and the same kernel is uti- 
lized for all data bits. With the addition of this external 
logic, any scan only latch can be converted to function as 
a full LSSD latch without changes to the scan only latch it- 
self. This can prove very useful in hierarchical designs 
where the function of a latch is determined based on it's 



nesting in the data. In these cases, the logic to separate a 
scan and shift path can be added as needed. Also, accord- 
ing to the invention, a better scan chain testing design is 
also provided. 

[0042] The invention allows the splitting of scan chains and shift 
chains with no additional overhead within the device. The 
invention provides a significant benefit with respect to de- 
vice area overhead. The invention replaces the traditional 
separate shift register and scan path via single purpose 
eFuse sense latch. The invention determines which level 
sensitive clock was on to determine which path (shift or 
scan) should be passed into the latch. The invention finds 
applicability to eFuse and eDRAM design and other cores 
for application specific integrated circuits (ASIC) as well. 

[0043] The techniques of the present invention find applicability 
to the design of other devices besides the eFuse device. 
For example, the invention may be utilized with ASIC de- 
sign in Cu08 (CMOS9SF), with eDRAM designs and other 
cores. The invention may also be utilized for tapping into 
the LSSD scan chain for functional shifting purposes by 
sharing the scan port in BIST designs for embedded com- 
pilable SRAMs and CAMs. The invention provides great as- 
sistance with physical designs where custom, on pitch cir- 



cuitry is being utilized particularly because adding logic to 
the front of these custom latches is much simpler than in- 
serting different latch types. In the true sense of the LSSD 
latch, the invention does not replace the LSSD latch but 
merely provides the functionality that would have been 
provided by an LSSD latch without requiring the additional 
LSSD hardware within the device itself. Further, from a 
technical standpoint the invention allows for providing the 
function by design (custom design) and modeling the cir- 
cuit as a full LSSD latch. 
[0044] while the invention has been particularly shown and de- 
scribed with reference to a preferred embodiment, it will 
be understood by those skilled in the art that various 
changes in form and detail may be made therein without 
departing from the spirit and scope of the invention. 



